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Ozone gas is a greenhouse gas. Accurate measurement of its concentration is 
dependent on the right value of the ozone gas absorption cross-section. In 
the literature, discrepancies and inconsistencies have been however linked 
with ozone gas absorption cross-section. In the literature, information on the 
pressure effect on pressures less than 100 mbar and greater than 100 but less 
than 1000 mbar is not available for the visible spectrum. Thus, creating an 
information gap that this manuscript is intended to fill up. This is the 
problem that has been addressed in this present work. The method of 
simulation with SpectralCalc is the method adopted for the present work. 
HITRAN 2012 simulator, available on spectralcalc.com, was used in 
simulating the ozone gas absorption cross-section to determine the 
simultaneous effect of optical path length and pressure at two peak 
wavelengths in the visible spectrum. Simulation outcomes were obtained for 
an optical path length of 10 cm to 120 cm showing that the optimum 
absorption cross-section value of 5.1084x10-> m?/molecule at 603 nm and 
4.7182x10> m?/molecule at 575 nm for gas cells length between 10 cm and 
120 cm are obtained at peak points. Pressure values at which ozone gas 
absorption cross-section becomes a constant value of 5.1058x10% 
m?/molecule at 603 nm and 4.7158x10-> m?/molecule at 575 nm is optical 
path length dependent. The percentage difference between 5.1084x10- 
m?/molecule and 5.1058x10-> m?/molecule is 0.05% for all lengths of gas 
cells considered. Similarly, the percentage difference between 4.7182x107> 
m?/molecule and 4.7158x10> m?/molecule is also 0.05% for all lengths of 
gas cells considered. These results are relevant for high-accuracy and high- 
precision ozone gas measurements. Furthermore, efficient measurement of 
ozone gas is a direct enhancement of green communication. 
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1. INTRODUCTION 


Accurate measurement of ozone concentration as a greenhouse gas has become crucial in light of 
the aftermath effect of exposure to an unsafe quantity of ozone gas [1], [2]. The measurement of ozone gas 
concentration depends on the accuracy of the ozone gas absorption cross-section [3], [4]. In the literature, 
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however, discrepancies and inconsistencies have trailed values of ozone gas absorption cross-section [5], [6]. 
Above 10% discrepancies in ozone gas absorption cross-section have been reported [7], [8]. Several 
parameters such as temperature [9], pressure [10] sampling frequency [11], and absorption wavelength [6] 
have been investigated previously in relation to the ozone gas absorption cross-section. Marcus et al. 
investigated the effect of pressure on ozone gas absorption cross-section in the ultraviolet (UV) [12]. At a 
peak absorption wavelength of 255.442 nm, a pressure range of 101.3250 mbar to 303.9750 mbar has been 
shown to have no effect on the peak absorption cross value of 1.148x10?! m?/molecule. Similarly, Voigt et 
al. studied the dependence of ozone gas absorption cross-section on pressure. In their publication, it was 
shown that pressure values of 100 mbar and 1000 mbar for temperature values between 203 K and 293 K do 
not affect ozone absorption cross-section for absorption wavelength between 230 nm and 850 nm [10]. 
However, information on the pressure effect on pressures less than 100 mbar and greater than 100 but less 
than 1000 mbar is not available for the visible spectrum in the literature. Thus, creating an information gap 
that this work is intended to fill up. This is the problem that has been addressed in this present work. In 
addition, ozone gas concentration has been measured using varying lengths of gas cells in the visible 
spectrum: 10 cm, 25 cm, 50 cm [6], 70 cm [13], and 120 cm [10]. Variation in the length of gas cells will 
result in variation in gas cell total volume. Robert Boyle in Boyle's law had stated that pressure and volume 
of a gas are inversely related [14]-[16]. Since the variation in the length of the gas cell will result in total 
volume variation, the concurrent upshot of optical path length and pressure at 603 nm and 575 nm on the 
ozone absorption cross-section is therefore investigated in the visible spectrum. 


2. OZONE GAS ABSORPTION CROSS-SECTION: AN OVERVIEW 

The authors had previously established in [4] according to literature that error free measurement of 
ozone gas is dependent upon ozone gas absorption cross-section [3]. And this has led to lots of research 
efforts to investigate the accurate value of ozone gas absorption cross-section [4]. High accuracy and high 
precision measurement of ozone gas concentration have become a necessity in light of the revised exposure 
safety limit of ozone gas. The earlier exposure of 0.1 ppm of ozone gas in the workplaces in the US [17], was 
revised to 0.075 ppm in 2008 [18], [19]. International Health and Safety Standards have also placed a limit of 
0.05 ppm to 0.10 ppm of ozone concentration in the air [20]. Ozone gas absorption coefficient (£) is 
dependent on absorption cross-section according to the following relationship: € = ø X N4; Na is Avogadro's 
constant with a value of 6.02214199x10?3 (molecule/mol) [21]. There have been lots of research efforts to 
obtain correct value of absorption cross-section of ozone gas in the visible spectrum [8], [22]—[25]. Grigg's 
results [23] were in very good agreement with the results obtained by Vigroux; Griggs thus, recommended 
Vigroux results [24] to be used in the Chappuis band [23]. In 1988, Brion [7] showed that Amoruso [26], 
Vigroux [24] and Tanaka [8] agree well on 603 nm and 575 nm as the peak absorption of ozone gas in the 
visible spectrum. Numerical outcomes obtained by simulation in this work were compared with previous 
work with peak absorption cross-section at 603 nm and ozone gas absorption at 576.96 nm [7], [22]. The 
authors had previously defined (1) and (2) that were used in calculating the absorption cross-section (o) of 
ozone gas in this work [11], [27]-[30]. 

o=- TP y inp () 

CppmXNaxXPXL 

Where, c(ppm) = Ozone concentration in ppm, R = Ideal gas constant (atm m? mol! K), Tp = temperature 
(K); o = Absorption cross-section (m?/molecules), Na = Avogadro’s constant (molecule/mol), P = pressure in 
atmosphere (atm), L = Optical path length (m), T = Transmittance. 

O-Ow 


x 100% (2) 


Ow 


Where, o = ozone absorption cross-section at 603 nm, oy = absorption cross-section obtained in this work. 


3. SIMULATION SOFTWARE AND METHODOLOGY 

The methodology adopted for this work is the use of an online simulator known as Spectralcalc. 
Spectralcalc.com is an online simulator used for high-resolution spectral modeling. The gas cell simulator's 
main option was used primarily for the simulation of absorption cross-section as shown in Figure | and 
Figure 2. On the gas simulator main option, Figure 1 shows the observer sub-option. Simulation of 
transmittance was carried out on the observer sub-option within a wavelength range of 0.60202 um to 
0.60302 um and 574.5 nm to 575.5 nm. In Figure 2, the gas cell sub-option is displayed. With the gas cell, 
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sub-option ozone gas was selected as the gas of choice and the value of 10 cm to 120 cm was imputed as the 
length of the gas cell. Ozone gas concentrations of 950 ppm and 293 K were considered at room temperature 
[31] and pressure values in mbar were varied between 10 mbar and 1000 mbar. HITRAN 2012 from 
HITRAN database was used for all simulations. It is the latest available line list on Spectralcalc.com 
simulator. For all simulations, an actual spectral line from Spectralcalc.com approximated as 603 nm is 
603.00145129141 nm and at 575 nm (actual value is 575.016232354603 nm). Figure 3 is a summary of the 
methodology employed. 
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Figure 1. Gas cell simulator: observer sub-option 
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Figure 2. Gas cell simulator: gas cell sub-option 
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Figure 3. Simulation methodology using Spectralcalc.com simulator 
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4. RESULTS AND DISCUSSION 

The results section is divided into two parts. In the first part discussions and results on the 
relationship between pressure and admittance are presented. In the second part, the results on pressure effect 
and optical path length on ozone gas absorption cross-section at 603 nm and 575 nm are presented. In our 
discussion, results obtained for pressure effect on ozone gas absorption cross-section at 603 nm and 575 nm 
for pressure values less than 100 mbar and greater than 100 mbar but less than 1000 mbar are novel to this 
work. 

The effect of optical path length on transmittance for pressure values between 10 mbar and 1000 
mbar is shown in Figures 4 and 5. At low-pressure values, there was a convergence towards a transmittance 
value of 1 for all gas cells. Transmittance reduces with increasing pressure and with an increase in gas length. 
The range of transmittance at 10 mbar was between 0.999856 to 0.999988 and 0.985714 to 0.998802 at 1000 
mbar at 603 nm. Similarly, for 575 nm wavelength, at 10 mbar, the range of transmittance is 0.999867 to 
0.999989 and 0.986798 to 0.998893 at 1000 mbar. 

The simulation was carried out in stages. The first stage was at an interval of 100 mbar for all gas 
cells. The exception to this is between 10 mbar and 100 mbar. This is depicted in Figure 6 and Figure 7. 
Figure 6 and Figure 7 show the simulation results for the effect of variation in pressure and length of the gas 
cell on ozone gas absorption cross-section in the visible spectrum at 603 nm and 575 nm respectively. The 
initial simulation was between a pressure range of 10 mbar and 1000 mbar. The results show that the 
absorption cross-section for all gas cells increases from a pressure of 10 mbar until a maximum point which 
depends on the optical path length of the gas cell. 

After the optimum or maximum point is attained, the absorption cross-section becomes a constant. 
Further simulations were carried out to obtain a precise optimum point for each gas cell and corresponding 
values of pressure at these points. Figure 6 and Figure 7 were further used to identify the region of the 
maximum position for each gas cell. The next stage simulation was at an interval of 10 mbar. Figures 8, 9, 
and 10 are for the wavelength of 603 nm. Figure 8 was obtained for lengths of 90 cm to 120 cm by 
simulating a pressure increment of 10 mbar between 10 mbar and 100 mbar. Figure 9 shows the simulation 
results at a pressure increment of 10 mbar between 10 mbar and 500 mbar for gas lengths of 20 cm to 80 cm. 

Figure 10 is the simulation results for the gas cell of 10 cm. A simulation between 700 mbar and 
1000 mbar, was at a step of 10 mbar. For 575 nm wavelength, similar simulations were carried out. Each gas 
cell was however treated separately with respect to the location of the maximum point identified in Figure 7. 
At 603 nm, the absorption cross-section for all gas cells considered at 10 mbar is approximately 5.1060x10> 
m’/molecule while 5.1084x10> m?/molecule is the absorption cross-section value at the maximum points. 
Similarly, at a wavelength of 575 nm, the absorption cross-section for all gas cells considered at 10 mbar is 
approximately 4.7160x10> m?/molecule while 4.7182x10> m?/molecule is the absorption cross-section 
value at the maximum points. 

Table 1 shows the pressure values at the maximum absorption cross-section for each gas cell for 
both 603 nm and 575 nm wavelengths. Figure 11 shows the length of gas cells and corresponding values of 
pressures where the absorption cross-section became a constant value of 5.1058x10 m?/molecule at 603 nm 
and 4.7158x10> m?/molecule at 575 nm. 
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Figure 4. Effect of variation of optical path length Figure 5. Effect of variation of optical path length 
and pressure on transmittance at 603 nm and pressure on transmittance at 575 nm 
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Figure 6. Effect of variation of optical path length and 
pressure (100 mbar) on ozone cross-section at 603 nm 
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Figure 8. Effect of variation of optical path length 
and pressure (10 mbar) on ozone cross-section for 
20 cm to 80 cm at 603 nm 
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Figure 7. Effect of variation of optical path length and 
pressure (100 mbar) on ozone cross-section at 575 nm 
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Figure 9. Effect of variation of optical path length and 


pressure (10 mbar) on ozone cross-section for 90 cm 
to 120 cm at 603 nm 


Figures 12, 13, and 14, show the deviation of absorption cross-section in each gas cell from 5.18x10> 
m?/molecule at 603 nm [22], [24]. The range of deviation in percentage is from 1.40% at the maximum points to 
1.45% at the points where the absorption cross-section is constant. The percentage difference of 0.05% in 
deviation will be of significance for high accurate and high precision measurements of ozone gas measurements. 
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Figure 11. Pressures values for each gas cell where 
ozone absorption cross-section becomes constant 
value of 5.1058x105 m?/molecule at 603 nm 
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from 5.18x10> m?/molecule at 603 nm for 90 cm to from 5.18x1075 m?/molecule at 603 nm for 20 cm to 
120 cm 80 cm 


By comparing the pressure values obtained for both 603 nm and 575 nm, for each gas cell, 8.27% is 
the percentage difference of each corresponding value of either pressure value at peak points or pressure 
values at points where absorption cross-section becomes constant. This value is very close to the percentage 
difference of 8.82%, which is the percentage difference between the absorption cross-section of 5.18x10- 
m/molecule at 603 nm [22], [24] and 4.76x10°> m?/molecule [7], [32] at 576.96 nm. Thus, the absorption 
cross-section is wavelength-dependent. The last stage of the simulation was to identify the precise pressure 
value (up to four decimal points) at maximum points and pressure values where absorption cross-section 
became constant. 


Table 1. Pressure values at maximum absorption cross-section for each gas cell 


Values Presssure Ozone absorption cross- Presssure Ozone absorption cross- Presssure Ozone absorption cross- 
(mbar) section (m?/molecule) (mbar) section (m?/molecule) (mbar) section (m?/molecule) 
10 cm 20 cm 30 cm 
603nm 833.9941 5.1084E” 416.9970 5.10846” 277.9980 5.1084E* 
575nm 902.9592 4.7182E” 451.4796 4.7182E” 300.9864 4.7182E” 
40 cm 50 cm 60 
603nm 208.4985 5.10846” 166.7988 5.10846” 138.9990 5.1084E* 
575nm 255.7398 4.7182E” 180.5918 4.7182E” 150.4932 4.7182E” 
70 cm 80 cm 90 cm 
603nm 119.1420 5.1084E” 104.2492 5.1084E*> 92.6660 5.1084E*> 
575nm 128.9941 4.7182E” 112.8699 4.7182E” 100.3288 4.7182E” 
100 cm 110 cm 120 cm 
603 nm 83.3994 5.1084E7> 75.8176 5.1084E* 69.4995 5.1084E* 
575 nm 90.2959 4.7182E”> 82.0872 4.7182E* 75.2466 4.7182E* 


For all lengths of optical gas cells considered, the common pressure value where the absorption 
cross-section becomes constant is 833.9942 mbar for 603 nm and 902.9593 mbar at 575 nm. The results 
obtained on pressure effect on ozone gas absorption cross-section at 603 nm and 575 nm for pressure values 
less than 100 mbar and greater than 100 mbar but less than 1000 mbar are novel to this work. Voigt et al. 
establish that for the 120 cm gas cell, ozone absorption cross-section was constant at both 100 mbar and 1000 
mbar [10]. 

This in comparison to the results obtained for the 120 cm gas cell with our simulation shows very 
good agreement. A constant value of absorption cross-section for the 120 cm gas cell begins at 69.4996 
mbar for 603 nm and 75.2467 mbar for 575 nm. This thus confirms other results obtained in this article. 
According to them, there was no variation in absorption cross-section ozone in relation to pressure due 
to the rather short lifetime ozone gas in the upper electronic states [10]. Constant ozone gas absorption 
cross-section or no pressure effect is attributed to upper electronics states of ozone which has a short 
lifetime [10]. 
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Figure 14. Deviation from absorption cross-section from 5.18x10-5 m?/molecule at 603 nm for 10 cm 


Similarly, in comparison with 5.23x105 m?/molecule at 603 nm [6], the range of deviation in 
percentage is from 2.38% at the maximum points to 2.43% at the points where the absorption cross-section is 
constant. This also yields a percentage difference of 0.05%. Similarly, at a wavelength of 575 nm, range of 
deviation from 4.76x10°> m?/molecule [7], [29] in percentage is from 0.89% at the maximum points to 
0.94% at the points where the absorption cross-section is constant. The percentage difference of 0.05% in 
deviation will be of significance for high accurate and high precision measurements of ozone gas 
measurements. Similarly, in comparison with 4.766x10-> m?/molecule at 575 nm [7], the range of deviation 
in percentage is from 1.01% at the maximum points to 1.06% at the points where the absorption cross-section 
is constant. 

This also yields a percentage difference of 0.05%. The results thus obtained in this work 
compliment the work done previously by Marcus et al. in the UV [12] and that by Voigt et al. Hence, 
simultaneous effect of pressure and optical path length not previously available in the literature for pressures 
less than 100 mbar and greater than 100 but less than 1000 mbar is now made available through this work 
[29]. This is the novelty of this present work. In addition, efficient measurement of ozone gas as a 
greenhouse gas will promote and enhance the realization of green communication. 


5. CONCLUSION 

In this article, we have simulated absorption cross-section measurement for ozone a greenhouse gas 
in the visible spectrum at 603 nm and 575 nm peak wavelengths. The absorption cross-section obtained has 
shown the dependence of ozone gas absorption cross-section on pressure, optical path length, and sampling 
wavelength. Both optimum and constant values of ozone absorption cross-section occur at different pressure 
values depending on the optical path length of the gas cell and sampling wavelength. In complimenting the 
works of Marcus ef al. and Voigt et al. on pressure effect on ozone gas absorption cross-section: it is seen 
from the results that pressure value at which pressure has no effect on ozone gas absorption cross-section for 
a 120 cm gas cell begins at 69.4996 mbar; that for a 10 cm gas cell begins at 833.9942 mbar at 603 nm. 
While at 575 nm, pressure value at which pressure has no effect on ozone gas absorption cross-section for a 
120 cm gas cell begins at 75.2466 mbar; that for a 10 cm gas cell begins at 902.9593 mbar. Thus, the longer 
the optical path length, the more the effect of pressure is reduced. These results obtained on pressure effect 
on ozone gas absorption cross-section at 603 nm and 575 nm for pressure values less than 100 mbar and 
greater than 100 mbar but less than 1000 mbar are novel to this work. Results obtained are essentially relevant 
for high precision and high accuracy measurement of ozone gas absorption cross-section in relation to green 
communications. 


ACKNOWLEDGEMENTS 

The authors would like to thank Universiti Teknologi Malaysia (UTM) for sponsoring this work 
under Research University Grant (RUG) Scheme, grant no: 05J60 and 04H35. The Ministry of Higher 
Education (MOHE) Malaysia is acknowledged for provision of Fundamental Research Grant Scheme 


Concurrent upshot of optical path-length and pressure on O3 absorption cross-section ... (Michael David) 


104 m) ISSN: 2252-8814 


(FRGS) grant no: 4F317 and 4F565. The Nigerian Education Trust Fund (ETF) is also acknowledged for the 
financial support giving through Tertiary Education Trust Fund (TET-Fund). 


REFERENCES 

[1] J. H. Yu et al., “Sensing mechanism and behavior of sputtered ZnCdO ozone sensors enhanced by photons for room- 
temperature operation,” Journal of Electronic Materials, vol. 42, no. 4, pp. 720-725, 2013, doi: 10.1007/s11664-012-2462-2. 

[2] M. David et al., “Progress in ozone sensors performance: A review,” Jurnal Teknologi, vol. 73, no. 6, pp. 23-29, 2015, doi: 
10.11113/jt.v73.4402. 

[3] K. Bogumil et al., “Measurements of molecular absorption spectra with the SCIAMACHY pre-flight model: Instrument 
characterization and reference data for atmospheric remote-sensing in the 230-2380 nm region,” Journal of Photochemistry 
and Photobiology A: Chemistry, vol. 157, no. 2-3, pp. 167—184, 2003, doi: 10.1016/S1010-6030(03)00062-5. 

[4] M. David, M. H. Ibrahim, S. Mahdaliza Idrus, and T. C. En Marcus, “Fundamental Review to Ozone Gas Sensing Using 
Optical Fibre Sensors,” TELKOMNIKA (Telecommunication Computing Electronics and Control), vol. 13, no. 4, p. 1133, 
2015, doi: 10.12928/telkomnika.v13i4.2047. 

[5] A. Serdyuchenko, V. Gorshelev, M. Weber, W. Chehade, and J. P. Burrows, “High spectral resolution ozone absorption cross- 
sections — Part 2: Temperature dependence,” Atmospheric Measurement Techniques, vol. 7, no. 2, pp. 625—636, Feb. 2014, 
doi: 10.5194/amt-7-625-2014. 

[6] K. Teranishi, Y. Shimada, N. Shimomura, and H. Itoh, “Investigation of Ozone Concentration Measurement by Visible Photo 
Absorption Method,” Ozone: Science and Engineering, vol. 35, no. 3, pp. 229-239, 2013, doi: 
10.1080/01919512.2013.780544. 

[7] J. Brion, A. Chakir, J. Charbonnier, D. Daumont, C. Parisse, and J. Malicet, “Absorption spectra measurements for the ozone 
molecule in the 350-830 nm region,” Journal of Atmospheric Chemistry, vol. 30, no. 2, pp. 291-299, 1998, doi: 
10.1023/A:1006036924364. 

[8] E.C. Y. Inn and Y. Tanaka, “Absorption Coefficient of Ozone in the Ultraviolet and Visible Regions,” Journal of the Optical 
Society of America, vol. 43, no. 10, p. 870, 1953, doi: 10.1364/josa.43.000870. 

[9] Z. El Helou, S. Churassy, G. Wannous, R. Bacis, and E. Boursey, “Absolute cross-sections of ozone at atmospheric 
temperatures for the Wulf and the Chappuis bands,” Journal of Chemical Physics, vol. 122, no. 24, 2005, doi: 
10.1063/1.1937369. 

[10] S. Voigt, J. Orphal, K. Bogumil, and J. P. Burrows, “The temperature dependence (203-293 K) of the absorption cross- 
sections of O3 in the 230-850 nm region measured by Fourier-transform spectroscopy,” Journal of Photochemistry and 
Photobiology A: Chemistry, vol. 143, no. 1, pp. 1-9, 2001, doi: 10.1016/S1010-6030(01)00480-4. 

[11] M. David, M. H. Ibrahim, and S. M. Idrus, “Sampling frequency effect on the absorption cross-section of ozone in the Visible 
Spectrum,” Journal of Optoelectronics and Advanced Materials, vol. 17, no. 3—4, pp. 403—408, 2015. 

[12] T. C. E. Marcus et al., “Pressure Dependence of Ozone Absorption Cross-section,” Applied Mechanics and Materials, vol. 
735, pp. 260-264, 2015, doi: 10.4028/www.scientific.net/amm.735.260. 

[13] S. Jodpimai, S. Boonduang, and P. Limsuwan, “Inline ozone concentration measurement by a visible absorption method at 
wavelength 605 nm,” Sensors and Actuators, B: Chemical, vol. 222, pp. 8-14, 2016, doi: 10.1016/j.snb.2015.08.028. 

[14] A. A. Kader, “Methods of Gas Mixing, Sampling, and Analysis,” Postharvest technology of horticultural crops, vol. 3311, pp. 
145-148, 2002. 

[15] M. D. Vukovich and B. M. Peeters, “Reliability of air-displacement plethysmography in detecting bodycomposition changes 
after water ingestion and after creatine supplementation,” Journal of Exercise Physiology Online, vol. 6, no. 2, pp. 115-122, 
2003. 

[16] J. B. and J. Overby, “Chemistry: Atoms First: McGraw-Hill New York,” 2012. 

[17] F. Jian, D. S. Jayas, and N. D. G. White, “Can Ozone be a New Control Strategy for Pests of Stored Grain?,” Agricultural 
Research, vol. 2, no. 1, pp. 1-8, 2013, doi: 10.1007/s40003-012-0046-2. 

[18] R. S. Westafer, G. Levitin, D. W. Hess, M. H. Bergin, and W. D. Hunt, “Detection of ppb ozone using a dispersive surface 
acoustic wave reflective delay line with integrated reference signal,” Sensors and Actuators, B: Chemical, vol. 192, pp. 406— 
413, 2014, doi: 10.1016/j.snb.2013.10.104. 

[19] F. Berger, B. Ghaddab, J. B. Sanchez, and C. Mavon, “Development of an ozone high sensitive sensor working at ambient 
temperature,” Journal of Physics: Conference Series, vol. 307, no. 1, 2011, doi: 10.1088/1742-6596/307/1/012054. 

[20] W. and R. Europe, “Air Quality Guideline for Europe, EURO: Regional Office for Europe,” WHO Regional Publications, 
Copenhagen, European Series, 1998. 

[21] P. P. Pawar and G. K. Bichile, “Molar extinction coefficients of some amino acids,” Journal of Chemical and Pharmaceutical 
Research, vol. 3, no. 5, pp. 41-50, 2011. 

[22] S. O’Keeffe, C. Fitzpatrick, and E. Lewis, “An optical fibre based ultra violet and visible absorption spectroscopy system for 
ozone concentration monitoring,” Sensors and Actuators, B: Chemical, vol. 125, no. 2, pp. 372-378, 2007, doi: 
10.1016/j.snb.2007.02.023. 

[23] M. Griggs, “Absorption coefficients of ozone in the ultraviolet and visible regions,” The Journal of Chemical Physics, vol. 49, 
no. 2, pp. 857-859, 1968, doi: 10.1063/1.1670152. 

[24] E. Vigroux, “Contribution à l’étude expérimentale de l’absorption de l’ozone,” Annales de Physique, vol. 12, no. 8, pp. 709— 
762, 1953, doi: 10.105 1/anphys/1953 12080709. 

[25] J. Brion, A. Chakir, D. Daumont, J. Malicet, and C. Parisse, “High-resolution laboratory absorption cross-section of O3. 
Temperature effect,” Chemical Physics Letters, vol. 213, no. 5—6, pp. 610-612, 1993, doi: 10.1016/0009-2614(93)89169-I. 

[26] A. Amoruso, M. Cacciani, A. Di Sarra, and G. Fiocco, “Absorption cross-sections of ozone in the 590- to 610-nm region at T 
= 230 K and T = 299 K,” Journal of Geophysical Research, vol. 95, no. D12, 1990, doi: 10.1029/jd095id12p20565. 

[27] T. C. E. Marcus et al., “Interchangeable range of ozone concentration simulation for low cost reconfigurable brass gas cell,” 
Jurnal Teknologi (Sciences and Engineering), vol. 69, no. 8, pp. 13—17, 2014, doi: 10.11113/jt.v69.3289. 

[28] E. Patrick, M. David, A. O. Caroline, M. H. Ibrahim, S. M. Idrus, and T. C. E. Marcus, “Varying effects of temperature and 
path-length on ozone absorption cross-section,” Telkomnika (Telecommunication Computing Electronics and Control), vol. 
16, no. 2, pp. 618-623, 2018, doi: 10.12928/TELKOMNIKA.v16i2.8577. 


Int J Adv Appl Sci, Vol. 11, No. 2, June 2022: 97-106 


Int J Adv Appl Sci 


ISSN: 2252-8814 o 105 


[29] H.B. S. A. Onyeodili, P. Enenche, M. David, J. A. Abolarinwa, “Behaviour of Ozone Absorption Cross-section to Change in 
Optical path length and Pressure in the UV,” ATBU, Journal of Science, Technology & Education, vol. 6, no. 3, pp. 53—60, 


2018. 


[30] E. Patrick, M. David, C. O. Alenoghena, S. A. Bala, and A. Joshua, “Comparative Study of the Effect of Sensing Parameters 
on Ozone Gas Comparative Study of the Effect of Sensing Parameters on Ozone Gas Absorption-Cross-Section,” 2nd 
International Engineering Conference 2017 (IEC 2017) Federal University of Technology, no. October, pp. 284-290, 2017. 

[31] J. P. Burrows et al., “Atmospheric remote-sensing reference data from GOME - 2. Temperature-dependent absorption cross- 
sections of O3 in the 231-794 nm range,” Journal of Quantitative Spectroscopy and Radiative Transfer, vol. 61, no. 4, pp. 
509-517, 1999, doi: 10.1016/S0022-4073(98)00037-5. 

[32] A. G. Hearn, “The absorption of ozone in the ultra-violet and visible regions of the spectrum,” Proceedings of the Physical 
Society, vol. 78, no. 5, pp. 932—940, 1961, doi: 10.1088/0370-1328/78/5/340. 


BIOGRAPHIES OF AUTHORS 


YAAAJAUS 


Michael David © EJ P received his Bachelor of Engineering degree in Electrical and 
Computer Engineering and Master of Engineering degree in Telecommunication Engineering 
from Federal University of Technology, Minna, Nigeria in 2004 and 2010, respectively. The 
Ph.D. degree in Electrical Engineering was conferred on him by Universiti Teknologi 
Malaysia (UTM), Skudai Johor, Malaysia in 2016 for his work on visible absorption-based 
ozone Sensors. He is currently a Senior Lecturer with Federal University of Technology 
Minna, Nigeria. His research focuses on absorption spectroscopy for gaseous ozone 
concentration Measurement. He is a registered Engineer with the Council for the regulation of 
Engineering in Nigeria (COREN). He is also a Certified Fiber Optic Technologist (CFOT) and 
a member of Fiber Optic Association, inc. USA. He can be contacted by email: 
mikeforheaven @futminna.edu.ng. 


Patrick Enenche Ô ÉJ P obtained his Bachelor of Engineering in Electrical and 
Computer Engineering in 2013. In 2018, he got a Master of Engineering in Communication 
Engineering, both at the Federal University of Technology Minna. His master’s research work 
centered on ultraviolet absorption spectroscopy for accurate measurement of ozone 
concentration. At the moment, he is running a PhD program in the department of Information 
and Communication Engineering, at Hannam University, Daejeon, South Korea. His present 
research area is Network Coding. A registered, practicing Engineer with the Council for the 
Regulation of Engineering in Nigeria (COREN). He can be contacted by email: 
patrickenenche20@ gmail.com. 


Caroline O. Alenoghena O £4 BS P holds a Bachelor of Engineering (1995) and Masters of 
Engineering (2005) degrees in Electrical/Electronics; she obtained a Doctor of Philosophy 
(PhD) Degree in Telecommunications Engineering, from the University of Benin, Nigeria in 
2014. She is a member of the Institute of Electrical and Electronic Engineers (IEEE), Nigerian 
Society of Engineers (NSE), and Association of Professional Women Engineers of Nigeria 
(APWEN). She is currently a Senior Lecturer in the Department of Telecommunications 
Engineering, Federal University of Technology, Minna, Nigeria. Her research interest 
includes, Radio Network Coverage Optimization, Radio Frequency Spectrum Management, 
Information and Communication Technology (ICT) Development in Education, Artificial 
Intelligence in Wireless, Green and Optical Communication. She is a member of the 
Advanced Engineering Research and The Telecommunication Engineering Research groups of 
Federal University of Technology, Minna. She can be contacted through email: 
carol @ futminna.edu.ng. 


Mohd Haniff Ibrahim © ÉJ P received the B. Eng. in Telecommunication Engineering 
in 1999 from University of Malaya. He obtained his M. Eng and PhD in Electrical Engineering 
from Universiti Teknologi Malaysia in 2001 and 2007, respectively. Currently, he is an 
associate professor in a field of photonics. His main research interest covers topics in 
optoelectronics devices and thin film solar cell development. He can be contacted through 
email: mohdhaniff@utm.my. 


Concurrent upshot of optical path-length and pressure on O3 absorption cross-section ... (Michael David) 


ISSN: 2252-8814 


Sevia M. Idrus © EJ P is Professor and member of Faculty of Electrical Engineering, 
Universiti Teknologi Malaysia. She received her Bachelor in Electrical Engineering in 1998 
and Master in Engineering Management in 1999, both from UTM. She obtained her Ph. D in 
2004 from the University of Warwick, United Kingdom in optical communication 
engineering. She has served UTM since 1998 as an academic and administrative staff. Her 
main research interests are optical communication system and network, optoelectronic design, 
and engineering management. Her research output has been translated into a number of 
publications and IPR including a high-end reference books, ‘Optical Wireless 
Communication: IR Connectivity’ published by Taylor and Francis, 49 book chapters and 
monographs, over 200 refereed research papers, 5 patents granted, 36 patent filings and holds 
36 UTM copyrights. To date, she has secured and been involved in 38 research and 
consultation projects with a total value of RM10.2M. She is the founder and Director of a 
UTM spin-off company, iSmartUrus Sdn Bhd (1057063A). She also the co-founder and Board 
of Directors of Zen Trillion Sdn Bhd (1139993-H) an ICT company providing smartcity 
solution and services. She is actively involved in a number industrial and international 
research collaboration projects, delivered keynote and invited speeches to many international 
conferences and seminars. She is Senior Member of IEEE and member of Editorial Board of 
few refereed international journals. She has been appointed as a Guest Professor at Osaka 
Prefecture University and Tokai University, Japan in 2011 and 2014, respectively. She can 
reach through her email: sevia@fke.utm.my. 


Tay Ching En Marcus © ki P received BEng in electrical and telecommunications 
engineering from Universiti Teknologi Malaysia (UTM) in 2012. A PhD degree in electrical 
engineering was conferred on him by UTM in 2015 for his work on ultraviolet absorption- 
based ozone sensor. He worked as an engineer at OCK M&E Sdn. Bhd., Shah Alam from 
2019 to 2020. Presently, he is an assistant professor at Faculty of Engineering and Computing, 
First City University College, Bandar Utama. His research focuses on ultraviolet absorption- 
based ozone sensor. He is a professional engineer of Board of Engineers Malaysia (BEM) 
since 2020. He is a member of the Institution of Engineers, Malaysia (IEM) since 2019. He is 
a construction personnel of the Construction Industry Development Board, Malaysia (CIDB) 
since 2019. He can be contacted through email: marcus.tay @firstcity.edu.my. 


Int J Adv Appl Sci, Vol. 11, No. 2, June 2022: 97-106 


